Aims: To assess whether a reduction in intensity of signal observed using an alkaline phosphatase labelled oligodeoxynucleotide probe could be explained on the basis of procedural steps rather than reduced sensitivity. Method: Signal intensity was assessed on in situ hybridisation for pro-opiomelanocortin (POMC) mRNA in rat pituitary and for somatostatin mRNA in human pancreas and in northern blot analysis for POMC mRNA in the presence and absence of formamide. The direct effects of formamide on the alkaline phosphatase detection step were also assessed using histochemical enzyme detection in rat kidney.
The development of non-isotopic in situ hybridisation techniques based on synthetic oligodeoxynucleotide probes has concentrated to date on (mRNA) in the rat pituitary gland, using the same probe sequence 3' end-labelled with digoxigenin4 or 5' linked to alkaline phosphatase. Initial results indicated that the signal obtained with the alkaline phosphatase linked probe was much weaker than that generated by the digoxigenin-labelled sequence. We therefore performed a series of experiments to determine whether this reflected a significant reduction in sensitivity or whether it could be explained on the basis of some other aspect of the hybridisation procedure.
Methods
Pituitary glands were removed from adult male Sprague-Dawley rats. These were fixed in 10% neutral buffered formalin and processed to paraffin wax or snap frozen in liquid nitrogen and stored at -70°C for RNA extraction. Rat kidneys were snap frozen in liquid nitrogen and stored at -70°C. Surgical specimens of human pancreas were obtained from the files at the Glasgow Royal Infirmary. These had also been fixed in 10% neutral buffered formalin and processed to paraffin wax. Sections, 5 pum thick, were mounted on slides coated with 3-aminopropyltriethoxysilane.
Oligodeoxynucleotide probes were synthesised with an amino-linked base at the 5' end. These were: (ii) 5' d(GTCTTCCAGAAGAAGTTCTT-GCAGCG) 3 Hybridisation was performed as described before.4 Briefly, the sections were subjected to the following pretreatments before probe application: 0-2M HC1 for 20 minutes, 0 3% Triton X-100 (Sigma) for 15 minutes, digestion with 20-50,ug/ml proteinase K (Sigma) for 30 minutes at 37°C, 0-2% glycine for one minute and finally post-fixed in 4% paraformaldehyde. The sections were washed in phosphate buffered saline (PBS) between pretreatments. The probe was applied in either 0% or 50% formamide hybridisation buffer.
Slides of rat pituitary were incubated with the POMC probe at 42°C overnight and those of human pancreas with the somatostatin probe at 37°C overnight. The post-hybridisation washes consisted of one wash in 4 x SSC, two 20 minute washes in 2 x SSC, and two 20 minute washes in 0Od x SSC at 42°C or 37°C. A final wash in 2 x SSC at room temperature preceded washing in alkaline phosphatase buffer, pH 9 5. The slides were incubated in nitroblue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl phosphate (BCIP) for two hours. Levamisole was included to block endogenous alkaline phosphatase. Slides were then counterstained with haematoxylin and mounted using Glycergel (Dako).
Controls included incubation of sections with unlabelled probe, and pretreatment of sections with RNAse A, as previously described. 4 Total RNA was extracted from rat pituitaries using RNAzol (Biogenesis Ltd), run out on a denaturing agarose gel and transferred to a nitrocellulose filter. Lanes containing 7 Sites of binding were visualised using 3'3' diaminobenzidine as chromogen.
Results

IN SITU HYBRIDISATION
In 0% formamide buffer a strong signal for POMC mRNA was seen in the intermediate lobe and in a scattered population of stellate cells in the anterior lobe of the rat pituitary ( fig  1A) . In the human pancreas scattered individual cells were positive in the islets of Langerhans (fig 2A) . The subjective intensity of signal was similar to that obtained using digoxigenin in the presence of formamide, as described previously. 4 (fig 3) and in 50% formamide buffer, the POMC probe detected a single band of appropriate size (about 1200 base pairs). However, the signal was more intense in the 0% formamide buffer, and developed within two hours; the weak signal in 50% formamide took five days of incubation to become apparent.
HISTOCHEMICAL DETECTION OF ALKALINE PHOSPHATASE
Endogenous alkaline phosphatase activity was clearly visible in rat kidney after preincubation in 0% formamide buffer ( fig 4A) . Preincubation in 50% formamide buffer abolished the signal ( fig 4B) .
Discussion
Hybridisation procedures using oligodeoxynucleotide probes have been adapted directly from methods used initially with cDNA probes or riboprobes.8 10 With such long sequences mismatched non-specific hybrids may be formed which may be dissociated by washing at high temperature. This has the disadvantage of destroying tissue architecture. Alternatively, the inclusion of formamide in the mixture reduces the melting point of hybrids, thus permitting stringent washing of tissue sections at temperatures which will not damage the structure. The application of this technique using synthetic oligoprobes labelled with radioisotopes, 11 12 biotin,1 and digoxigenin4 has permitted the localisation of specific mRNAs in tissue sections and in blot analysis.4 5 However, with the short sequences used in oligomer probes, the likelihood of formation of nonspecific hybrids is decreased and therefore the requirement for such stringent washing may be reduced.
In the present study using the POMC probe, we have shown that specific mRNA can be detected in northern blot analysis using an oligoprobe directly linked to alkaline phosphatase. We have also shown that strong specific signal, without background, can be identified Figure 2 
